Abstract
Introduction
The occurrence of severe toxicity associated with cancer therapy is a serious consideration when choosing cancer chemotherapy options. Methotrexate (MTX) is an anticancer drug that has been shown to be highly effective against various malignancies [1] . The antimitotic effect of MTX is known to give rise to the malabsorption syndrome [2] [3] [4] that decreases the surface area for absorption caused by histological alterations such as shortened microvilli, resulting in less absorption of nutrients [5] . In addition, MTX depresses absorption of certain drugs from the small intestine [5] , metabolic activity and active transport capacity of the intestinal mucosa [6] . It also decreases the brush border membrane protein and lipid contents of the small intestine [5, 7] and inhibits the enzyme dihydrofolate reductase, which is required for DNA synthesis and cell division [8, 9] . These adverse effects of MTX on the small intestine possibly result from the inhibition of intestinal epithelial cell turnover following damage to crypt cells [10, 11] . Hence, various regimens for MTX chemotherapy have been tried to reduce the side effects. A high-dose MTX regimen with leucovorin rescue has been recommended as a useful regimen [12, 13] .
Vitamin A (VA) is essential for normal growth and differentiation of epithelial tissues [14] . In several studies, it has been shown that VA may directly regulate intestinal epithelial cell proliferation and regeneration [15, 16] . Zile et al. [15] suggested that VA deficiency causes an increase in the length of the S2 phase of the rat jejunal crypt cell cycle. VA deficiency has long been recognized to have a deleterious effect on epithelial tissues causing disruption of normal cellular differentiation. It has been suggested that VA coadministration prevents MTX-induced decrease in the contents of the small intestinal membrane protein and lipid, and preserves partly the activity of thymidine kinase, which is a key enzyme in the salvage pathway of DNA synthesis [7, 17, 18] .
The aim of this study was to examine whether or not administration of VA has a protective effect against MTX-induced injury to the small intestine.
Materials and Methods

Experimental Model
In this study, 63 male Wistar albino rats 10-12 weeks old, weighing 240-280 g, were used. All the rats were housed in a single room in steel cages. The rats were housed 5 or 6 per cage (42 cm ! 26 cm) and maintained on a 12-hour light/dark cycle (change performed at 6.00 and 18.00 h), at a constant temperature of 21 B 2°C and relative humidity of 50-70%. The rats were divided into three groups: (1) a control group (n = 15), (2) rats receiving MTX alone (n = 24), and (3) rats receiving MTX plus VA (n = 24). This study was approved by the ethics committee of Gaziantep University Medical Faculty. Group A (Control Group). 0.2 ml vehicle alone (98 mg NaCl, 88 mg NaOH in 20 ml total volume) was administered intraperitoneally. Sunflower oil was given as a placebo as described below for group B.
Group B (MTX-Treated Group).
A single dose (20 mg/kg) of MTX (MTX 500 mg in 20 ml vehicle, F.H. Faulding & Co. Ltd., Australia) was administered intraperitoneally to each rat. Sunflower oil (0.5 ml) was given as a placebo through intragastric tube, 3 days before MTX injection, and continued every day till the rats were sacrificed.
Group C (MTX plus VA-Treated Group). Three days prior to administration of a single dose of MTX (20 mg/kg) intraperitoneally, VA (retinol palmitate, 5,000 IU/kg dissolved in 0.5 ml sunflower oil) was administered orally through an intragastric tube every day and continued until rats were sacrificed.
The day the MTX injection was given was regarded as day 0. All the animals were weighed initially and before sacrifice, and the weights were recorded. On the 2nd, 4th and 6th day after injection of MTX, 5 animals of the control group and 8 from each of groups B and C were sacrificed by intracardiac formalin injection after ether anesthesia. Three tissue samples of jejunum (0.5 cm) were cut off at a distance of 5 cm from the proximal end for histopathological examination.
Histopathology
The tissue samples of the jejunum were fixed by 10% neutral formalin, embedded in paraffin and cut with a microtome set at a thickness of 5-6 Ìm. The tissue sections were stained with hematoxylin and eosin (HE) and examined with a light microscope. To highlight the goblet cells, the sections were stained for muscin by the periodic acid-Schiff and Alcian blue (PAS-AB) technique, pH 2.5.
HE-stained tissue sections were examined for villus structure and height, histopathological alterations in crypt cells and mononuclear cell infiltration in lamina propria. The appearance of all groups was scored by a single observer (blinded to treatment) as follows: no lesion = 0; mild damage = 1; moderate damage = 2, and severe damage = 3.
The PAS-AB-stained goblet cells were counted under a !20 objective in both villi and crypts. For each specimen, a total of 10 microscopic fields of crypts and 10 fields of villi were measured per animal. Goblet cell numbers were scored as 0-49 cells = 3; 50-99 cells = 2; 100-149 cells = 1, and 6150 cells = 0.
Statistical Analysis
The values are presented as the means B SD. In the analysis of both weight loss and histopathologic data, the Mann-Whitney U test was used. For the comparison of the results obtained from the three groups, the Kruskal-Wallis test was applied; p ! 0.05 was considered to be statistically significant.
Results
In general the rats in the control group did not lose weight (table 1) . However, the rats treated with MTX alone (group B) lost more weight than those treated with MTX plus VA on each sacrificial day. The difference in weight loss between groups B and C was statistically significant; the p values for days 2, 4 and 6 were !0.05, 
Histopathological Results
The villus damage, crypt damage, inflammatory cellular infiltration and goblet cell number in the tissue samples from the control and experimental groups are given as total score of intestinal damage in table 2. The tissue sections of the rats in the control group showed normal intestinal structure.
Group B (Treated with MTX Alone).
Compared to the control group, the tissue sections of the rats treated with Compared to the rats treated with MTX plus VA, the total score of small intestinal damage on the 2nd day was significantly higher (p ! 0.05). On the 4th day, there was a clear small intestine damage and the histopathological findings were more severe than those of the 2nd day ( fig. 1 ). In addition, patchy fibrosis and an increase in vascularization of the lamina propria and cystic dilatation in crypts were seen. Epithelial degeneration was more apparent (dominant).
Goblet cells decreased (p ! 0.01) and were nearly lost in some areas ( fig. 2) . By the 6th day, damage to villi and crypts, and inflammatory infiltrate in the lamina propria continued to increase (p ! 0.01). Villus height was increased. Despite epithelial cell degeneration, there was also a regeneration increase. The total score of small intestinal damage in the MTX-treated group was higher than that in the MTX plus VA-treated group on the 6th day (p ! 0.05).
Group C (Treated with MTX plus VA). The histopathological findings in this group are similar to the findings in rats treated with MTX alone, but the total score of small intestinal damage was less than that of the MTX-treated group for all days (p ! 0.05) as outlined in table 2.
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Discussion
In this study, the general characteristics (villus atrophy, crypt loss, goblet cell depletion) of MTX-induced small intestinal mucositis were the same as described in previous studies [4, 19, 20] . Proliferation of small intestinal epithelial cells occurs in the crypts. Crypt cells, which rapidly regenerate, migrate to the villus tip, and replacement of intestinal epithelium is completed in about 2 days in rats [21] , and about 3 days in humans [22] and mice [23] as observed in this study. The MTX-induced damage to the small intestine has been ascribed to the depressed generation of villus epithelial cells, probably due to the damage of the crypt cells, which was deduced by measuring the thymidine kinase activity in isolated crypt cells [24] .
Retinoic acid receptors are believed to play a crucial role in the regulation of the expression of a variety of growth factors involved in cellular differentiation [16] . VA deficiency results in a decreased expression of transforming growth factor-ß 2 (TGF-ß 2 ) in the lamina propria, surface epithelium and crypts of rat intestine, whereas the administration of retinoic acid increases intestinal mucosal TGF-ß 2 and TGF-ß 3 expression [25] . TGF-ß has been implicated in the regulation of epithelial growth and differentiation, and intestinal epithelial restitution [26] .
A decrease in goblet cell numbers in VA deficiency [15, 27, 28] and mucin production [27] have also been de- tected. Macromolecular permeability is also increased in VA deficiency [29] , indicating a defect in epithelial integrity.
It has been suggested that VA may be involved in the regulation of DNA and RNA synthesis, though the mechanism by which VA stimulates synthesis remains unknown [30] . The present finding that VA protects the small intestine from MTX-induced damage may be explained by the stimulation of DNA and RNA biosynthesis by VA. However, the steps in the pathway of VA-stimulated biosynthesis need to be elucidated for proper interpretation of this protective effect of VA on a molecular level. Furthermore, MTX-induced malabsorption may not be simply a consequence of reduced villus surface area but may also be involved in the interaction of cell toxicity and alteration in villus population dynamics [31] . Since VA contributes to membrane stabilization [30] , the protective action of VA may also be related to this epithelial cell membrane-stabilizing effect.
Our results provide histologic evidence that VA administration under the given experimental conditions decreased the MTX-induced damage to the small intestine. Our findings are in agreement with previous studies [8, 17, 18] . MTX inhibits the de novo purine synthesis and the thymidine kinase in the salvage pathway of pyrimidine synthesis in small intestinal crypt cells. Furthermore, it has been reported that VA protects the crypt cells from MTX-induced inhibition of these synthetic activities [17] .
It has been reported that diarrhea, caused by MTX or other chemotherapeutic agents that may injure the gastrointestinal tract, may be ameliorated by optimizing the patient's VA status in addition to conventional treatment. Also VA ameliorates MTX-induced malabsorption [32] . The protection is not due to a decrease of MTX bioavailability in the small intestine in the presence of VA, because the MTX plasma concentration was not affected, rather it showed a slight increase with administration of VA [33] . Furthermore, it has been reported that administration of VA did not compromise antitumor activity of MTX both in vitro and in vivo [34, 35] . The amount of VA (5,000 IU/ kg) used in this study has been administered safely in human research [36] .
Conclusion
The findings confirmed that treatment with MTX induced villus shortening and fusion, epithelial atrophy, crypt loss, inflammatory infiltrate in the lamina propria and goblet cell depletion. The administration of VA several days prior to and after treatment with MTX decreased the MTX-induced damage to the small intestine. This protective effect of VA may have clinical applications in cancer chemotherapy.
